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The Postulates of General Relativity
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1.6

[t was said that to an observer in freefal] there is no gravity. Let’s check out one

case. Suppose at some time Ophelia is in freefall, and she is traveling downward at

3 m/s. At this time, a ball is launched upwards at 15 m/s,

a) What is the speed of the ball relative to Ophelia?

b) 1 second later, what are the speeds of Ophelia, the ball, and the ball relative to
Ophelia?

¢) What will the speed of the ball be relative to Ophelia for other times?

Imagine a group of four marbles spread S

out on an imaginary circle as shown. If o ©

they are released from rest and allowed to g

fall freely, how will they move relative to -

% s c 4l . e : R

n,ach‘othel. (Consider onl? the force of I

gravity from the planet acting on each T T SR T

marble; ignore their mutual attraction.)

Design a device using springs and masses to measure tidal effects inside your
spaceship. (It could be used as an alarm in case you get too close to a black hole.)

What will remain of gravity if you fall freely in a gravitational field?

Does general covariance mean that the forces you feel will be the same in all frames
of reference?

You get the opportunity to solve a projectile problem in the ‘no gravity’ (freefall)
frame of reference. Imagine a projectile being launched from the floor (vi = 0) with
a speed of 5 m/s at an angle of 60°. If you are falling freely, it will follow a straight
line path relative to you, Asa resuit, its equations of motion are

X=vit and y=wt,  where vy=5c0s60° and vy = 5sin 60°.

The floor is at the same height as the bal] nitially (i oo = 0), but the floor is
accelerating upward. (Remember, gravity down is the same as accelerating the
room upward.) So the equation of motion for the floor is

¥ricor = (I/Z)gtz
a) At what time will the ball and the floor be at the same y coordinate?
b) What will the x coordinate of the bal] be at that time?

You have just calculated where the ball will hit the ground. Congratulations!
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Suppose you are in your car and you accelerate forward. Your fuzzy dice hang
backward at an angle of 20°. What is your acceleration? (Hint: Think like
Einstein.)

Why do fictitious forces appear for non-inertial observers?

Non-Euclidean Geometry
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3.1

What type of world did O’Malley find himself in? How about Ophelia? Can you
draw a map of their travels?

Why are most lines of latitude not straight lines? Can you find a clear example of a
line of latitude which is not the shortest distance between two points?

For two lines on a sphere, how many points of intersection are possible?

On a plane, if you have a line which crosses one line of a pair of non-intersecting
lines, it must cross the other as well. (We call that line a transversal.) Is this still
true on curved surfaces? (The answer may differ for spheres and saddles.)

What happens to the curvature of a balloon as you inflate it?

Why is the curvature of a cylinder zero?

How many straight lines connect two points on a cylinder?

Where is the curvature of the surface of a torus (doughnut, inner tube) positive, and
where is it negative?

Gravity and Projectile Motion

Try drawing a trajectory for yourself on two graphs with different amounts of
curvature. For each graph find the maximum hei ght of the projectile. Which graph
shows stronger gravity? Which has more curvature (is more distorted from a
rectangle)? (The initial speed of the projectile is related to the angle the arrow
makes with the axes. In each of the graphs below. the arrow makes the same initial
angle.)
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Qualitatively, how does the maximum height of the projectile depend on the amount
of curvature? Explain. What would the maximum height of a projectile be if the
curvature were infinite?

s it possible to “jump off the surface” of the deformed spandex and take a shortcut
getting from one point to another?

Two explorers in spaceships are orbiting a black hole. The first, Opbhelia, calculated
her radius to be 100,000 meters, and the second, O’Malley, finds that his radius is
150,000 meters. At a time when they are on the same side of the black hole. as
shown, O’Malley puts out a tape measure to directly measure their separation.

Does he find it to be 50,000 meters, more than 50.000 meters, or less than 50.000
meters? Explain.



3.3

If you were in a free-falling elevator and you used a slingshot to shoot a pea across
the elevator, werldst-follow a-straight path (as viewed by you)? Whatifyeushota
putseofiight? Phasespin.

This problem points out another problem with Newton’s view of gravity.

Suppose you are in space, and you’ve got two asteroids pulling on each other. By
knowing the distance between their centers and their masses, you can calculate the
force of each pulling on the other. Imagine that you have rocket engines pushing
outward on each asteroid to keep them at the same distance. The rockets have force
measuring devices so they can show just how much force they are providing.
Calculating the value of the force from Newton’s Law of Universal Gravitation
gives a value in agreement with the rocket measurements. No surprise there.

Next, suppose another observer shoots by at close to the speed of light.

a) What will this observer say about the distance between the two asteroids
compared with the first astronaut?

b) What will this observer say about the two masses compared with the first
astronaut?

¢) When this observer calculates the force between the asteroids (using Newton’s
Gravity) will the answer agree or disagree with the rocket measurements?

Three Classical Tests
Perihelion Problems

4.1 'Why would Mercury show the largest perihelion shift (of all the planets) due to
General Relativity?
Bending of Light

4.2 Suppose you have two stars in the night sky. Also suppose that six months later the

Sun is directly between those two stars (because the Earth is now on the other side
of the Sun). Will the two stars appear closer together or further apart now that the
Sun lies between them in the sky?



4.4

4.6

Suppose you had three spacecraft surrounding a black hole. The astronaut in each
ship points a laser beam so that it hits the next ship. The laser beams form a
triangle of sorts. How will the sum of the angles of the triangle compare to 180
degrees?

What is the maximum bending of light as it passes by the Earth?

Suppose you wanted to use the bending of light by the Sun as a telescope lens. If a
source of light was many light years away, where would the light rays passing on
either side of the Sun converge?

If a massive object, such as a large planet, passes in front of a distant star, the
brightness of the star can be increased temporarily. Explain how this can happen.
(The effect is called microlensing.)

Gravitational Redshift

4.7

4.8

4.9

What is the fractional change of frequency (Af/f) of light leaving the surface of the
Sun and heading out to infinity? What about light leaving the surface of the Earth?

Suppose that O’Malley, at the top of the spaceship, has the laser and points it
“down” toward Ophelia. What will she have to say about the frequency of the
laser? Why?

Cosmological redshifts (due to the expansion of the universe) have been observed
that produce fopservea values that are as small as ¥4 of fiouree. How does the
gravitational redshift from the surface of a star compare to this?

Gravitational Time Dilation

3.4

Ln
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If you live 100 years on the surface of the Earth, how long would an observer at
infinity claim you had lived? (You should ignore the existence of the Sun in this
problem, and just calculate the effect due to the Earth’s gravity.) Hint: A
Maclaurin series may help you here. -

To find the relationship between the periods of two clocks, both at finite locations,
you can do the following: Write out the formulas comparing the period of each
clock to a clock at infinity, and then use these two equations to eliminate the period
of the clock at infinity. What is the resulting formula?

GPS (Global Positioning System) satellites travel in LEO (Low Earth Orbit) at an
altitude of about 400 km. Compared to a clock on the surface of the Earth, by what
factor will the clock be off? Will it be slow or fast relative to the Earth clock? (The
effect of its speed will slow it; less gravity than on the surface of the Earth will
speed it up.) Note: This effect was calculated in advance because it is big enough
to keep the GPS system from working properly if not accounted for.



5.4

3D

If you wanted to live a bit longer, should you live at the ground floor of a building
or in the penthouse? For this problem, consider only the effect of gravity and
ignore the velocity of each apartment.

A clock on the surface of the Earth (we’ll assume it is at the equator to simplify
things) runs slow both because of the presence of the Earth’s mass and due to its
speed which results from the Earth’s rotation. A satellite orbiting the Earth is
moving at a different speed (v} = GM/r. according to our work on orbits last fall)
and is at a different radius. Is there an orbit in which a satellite’s clock would have
the same dilation as a clock on the Earth’s equator? If so, how high above the
surface of the Earth will it be?

Black Holes

6.1

6.3

6.4

6.5

6.6

6.7

What is the Schwarzschild radius for a black hole with the mass of the Sun (2 x iR
kg)? Of the Earth (6 x 10% kg)? Of the black hole at the center of our galaxy
(about 2.6 million solar masses)?

Suppose a source of light is located at a distance r = 3GM/c* from a black hole. The
frequency of the source is 1 x 10'° Hz, just into the ultraviolet so that it normally
cannot be seen with the eye. What frequency will be observed by an observer at
infinity? Will you see the light? If so, what color will you see?

Suppose a source of light is located at a distance r = 2GM/c? from the center of a

black hole. The frequency of the source is 1 x 10"° Hz, just into the ultraviolet so
that it normally cannot be seen with the eye. What frequency will be observed by
an observer at infinity? What is the significance of this answer?

In order to jump into the future and escape the statute of limitations (it wasn’t
anything serious, really, just a little quantum mechanical practical joke), Phred the
physics student travels to a black hole. He gets close enough to the black hole so
that he will experience just one month for every year that goes by at home. If the
mass of the black hole is 8 x 10*° kg, at what radius will he need to be? (You may
assume he will just hover there, so that his velocity 1s zero.) You may answer either
in meters or in multiples of the Schwarzschild radius.

Use the time dilation formula and a Maclaurin series to show that the dilation factor
is just the square root of the altitude above the event horizon divided by the
Schwarzschild radius, as long as the altitude is small compared to the
Schwarzschild radius. (Hint: Make the radius = rsenwarzsenitd’(14+9), where 6 is very
small compared to 1.)

What is the rate of evaporation (mass lost per second) for a stellar sized black hole?
For the black hole at the center of our galaxy (about 3 million solar masses)?

Since a black hole evaporates faster and faster, you cannot use the current rate of
evaporation to directly find the lifetime of a black hole. Use the sequence function



6.8 a) Use calculus to show that the formula for the lifetime of a black hole is given by
Lifetime = M? /1.2 x 10'¢
b) Use this formula to find the lifetime of a solar mass black hole.
6.9 Here’s another weird thing about black holes: Black hole thermodynamics!

a) If you add energy to a black hole, what happens to its mass?

b) What happens to the rate at which it emits Hawking radiation as a result?

c) So what has happened to the temperature of the black hole?

d) Why does this seem weird?

Cosmology

7.1 What is it like at the edge of the observable universe?

7.2 If everything in the universe were expanding at the same rate, would we know it?

7.3 What would the universe look like if instead of having space expand, atoms were
shrinking?

7.4 What part(s) of the universe is (are) expanding?

7.5 Let’s accept that the universe is 13.7 billion years old. If telescopes could see to a
distance of 13.7 billion light years, what would they show?

7.6 Suppose that the Hubble constant were to remain constant over time. (This would
be true in a universe dominated by a cosmological constant.)

a) Using the formula given for the rubber rope, Vspot on rope = Hx, show that the
distance to another galaxy will grow exponentially with time. (Hint: You will
need to use calculus.)

b) What does this say about the recession velocity of a given galaxy as time goes
by?

7.7 Assume that the force due to the cosmological constant grows with distance.

ability of your calculator (or a spreadsheet) to estimate the lifetime of a black hole
of mass 10° kg. (To do this, you assume the rate is not changing too quickly over a
one second period. That way, you can use the current evaporation rate to estimate
the mass one second later. With this new mass, you find a new (slightly higher)
evaporation rate, which you use to estimate the mass after the next second.
Continue this process until you reach zero mass. For this problem, the answer
should be less than 100 seconds.)

Imagine that at some distance D the force of gravity and the outward cosmological



force balance. Why is this equilibrium unstable?

7.8 Using Einstein’s equation, show how the Hubble constant depends on density.



S

Uy = 3%
bad|
U;()lolv,[}a: }S%
ab Tj\.:, 5{0&&6 a’C ‘t’Lq_ L)A..‘( re-[c..'}wex&j OFLG,{;'-:: i
Vi ~ U"drfw(u s AN IS ETIET

10> One 5&@5-«4 \A:b_brj La'[*[\ %Lw_ L,af( MJO/:L&]:Q
il . e "L"’ZI“L 5Fa4{‘5 ¢ Al & Af:"ﬁd"._lm.

’ ']J’EL.,H - "'3“}3{-“ 35’75/: "}J-«&/%.
Also Y " 1Smg — 44% = &2 %
OF ia
¥ I”Cf} MMZ Z_){b qu :7&8’”}5-—-— S,l%: "'/&’_75_/

_/7e Sarne. r':«/w'ffm S }
c> A'{’: 4/,7 ‘E:z'mcv Ub: G = 7&‘/‘6) Ud: /(5-'7.&_

- Ufefai?m - Ulo ) U@ 5 (8 »%’{J-—(/S-if’zﬂ:“/j’g



Fa’e.e/ﬁ L)OCL/ Alaa,r;ymﬁ ! KQ_SUL'JC{Aé MO'H(“H
1 ( 5
//t N ‘
4 p ) kN
1 f 2 4 % P
\ N, Fd rl oy \‘\ I-'
. Lf ; ( O ?
L
) \\.;/'/

T b Jire o cﬂa the R {
| Sty Tl

- ~n, ved “Hc
( JCL{, fmj;t&k Ve '&cd&fl

f ond gkt marbles 7

Thé IML L'_.f cloLes ’52)

oY / Jocd%,
f’l\u dﬂ[d'ﬂj e;c/ndffe/t_c.e.. A / {’Lu, rerTer as I as
(3 o anll s process
[wé,w ‘74!“(.‘..6— ) \ e ;cu,o JD "
/ msioaémlke'ff?-ﬁ‘ ch\cm.



@ 12
E\ \g‘&}ra;v@)’
I’p 'E,Lw_ Sf([yas A,jqfd— fox

%% aéé ‘{:L\aJr EK'!:MS];N 197 prere.
‘pfug uaﬂuﬁ

/ ’!ZL\M Some 5‘945?
/ﬁ Lhon thepe 15 t0 praseh
\/ Jigﬁﬁ’m\u—a I H\Lémv}tpjﬂwﬂj

“}Qﬂ!- across ‘b['w. .SLJID 7gr Mgr—t,



4

SN

Since +the effects Jrféw;y wie. ol o
S 8 he bt of sn acsaleiien, @ P
J Dfr-ge‘&,// will g,xfg{,m‘wae ne /;w/e%’e(;@ ajf
g

L‘)M:S /e%? ‘3{71& o - /o(.a/ e?%c‘jf:g,

'(:La {S:Jaj e%ctfj are J'bl'// farc.scn'f?. jﬁ'

o J‘eoﬁj &adswaj“cé L@ri@nﬁ”f w;//c,quc{ua'./}
Come. {:D(jefﬁw . c‘téd'ﬂcfr Jt?—fvd’;qu_&q{ Ve_r‘b'cc—:///y
Lf.):/{ S—'?Mﬂz.

Jon«e aaihéww Aa.}“ ’ ,/

Ja/ ti 1{%4 wics] Mt_a—ﬁ v/
tzw; Sta:éﬁ W cb// aéJervu:: can CJ/“LQ_. Cj‘fai_r
‘&LL ‘f?clﬂj a"r&d—. ’

W



/.8

e

HG’WWR c.avw“qmce,” Says W%A,_/ﬁ: ot
r;}«/,;,’cs ol e the sawe forul dsepaa Bt
Loicos e it bowr. [8 o gr et meeelondky Fpanl)
v, e A,!;@;m;/ousba i ban k da s gedly Ia
o feel ne gravity. The Brees we Kol

&)'“ Je,f&m@[ are gux fm d‘ém’é—rmaaj Méhj—
-EL.L [acs d/)mﬁm will be -(:AL Samte,



Jprojectile !
) poey
[ e, s de/ ot 2he -fm%%j‘u o e/,
Je " Tt
A . sin LO
;‘ié = 88 ) |
gt -5 e ]}
>4

LD X = U)( 4 i 5-@5500- +t =S ‘e 400'0_8,‘?37= 2,30 7 mekess.



An acceleriton b +the y-;-(?Li e Joke. grevity
*L'o _CLH?, [“316_(7 ‘S" ‘IC@"* {:ILL 'pu.%&}' AJ&LJ s I"kt

t{lﬁ*‘e are Lo @M«row‘:{‘s ()'J‘“ &mu}‘?:

3

From SOHCAHTOA, Htam 0= ¢y

oo = 9.8 ten 20 = 3567 7



1.&

e

“S“T’f"'u“ 't['\ef& 15 a Mac(,ﬁ,{exc.iﬁ"a 'L‘a ‘f:‘[u, r‘%ﬁf
a'ﬁ# S % ) JDC /ow'r*e ;\olrgha a__apfﬁ Lﬁ..” D e
w (/Voua:af‘& in ‘bJuL (a‘u‘é ‘ﬂ‘Lan /au.'ﬂ have 4 be
]Ouélﬂi)é JCOTW&Q o, ‘{’:1\-& Lié-Jr 'fb keaf e a_cc;_[we;ﬁ'g_
&L"}g u}f{‘Lt /ou..

F‘(b’m )/aur ra:;«:ﬁ‘o‘ﬁ vfe;aj /ou-m Ldﬂg
foraed on the bl b e k_{:ﬁf, ;t’E—j
ﬂ“mg‘bér‘e[a‘[ﬁvafb/aug, I‘P’I I’\_a.\/t + Fu,g]\
bruecd & Leep = st it seens like Im
fiabHng Some backward L., Tht et

474
a Y‘@ﬂ/, ﬂa‘rwﬁ it s ﬁCH Gows, (mxe_ i5
ine L;ac,[(.ufwaf' %FCL-fB

Slle.’lDM" ‘ Hou) L\a.rcl C{io _I L‘\avc_. = rusl\?
Welly o= | #4 sy Ll mass = Gl g And

/ d
we. Luwe O-"—"SZJ—. Sinice. F':m.a:) '&L‘L
W?M frce = 06,1 kg * ST = 0.5 Newtms.

anoe. L!c}‘f’a&uﬁ 'ﬁb&"ces a,w_-_cluﬂ_ 'f2> acoe.ﬂ{e.ra:ﬁ‘favy
am.<Q Sine = ma -&:Le_ ficd) o P
s Jc..says f'rzs{oar—Hcm—J & the mass of the
Qb;le,d‘- (Nstice W‘gzra_vo :Z 'S )oro{agr‘b&m@{)

-bo VV\—R.,-CS




g Or;lwl'ix.. .«,rca*"—') a_'f:r‘la,»ato. o u)Lchl\

C]
(5{17*“1)5 ‘L'L_p_ Sum 4‘p ‘[:’lw_ ma,!as WwiS less %L.u\
180° This is a w.% curved

‘ Suf{um—/ l;L.c. M ‘ d-sa.Ac”e—,

The mcL monster ¢
' : & a"'g‘Qon-é; 'LL'-‘i\k a)lm M’(g It J'faocf




LX)

C>*’Lw— NIl wanr o warth pole

]ﬁw Joc‘cL—a (:‘M d'(' (d.;H'twc‘Q— gvy_ near “the

pebe, & will Lok ke this Grom <bo 4
AR
lpa].l.j (pOL"a JJA !

/ Le o [ H6L,

6
i cm’{.‘m,m[ 'C'rm A’ v B -fD”dw[g _{_LL

(LLSL\«.l e aikl bmpel w podh Sherbs 7 oy
fLM— !D] 'g[{au-‘fzj L-L,,_ [3ne d'p {AJ'H: .

o o

,.. _'TI\& {;ne 0‘# [OJH‘LtH[L 1S m‘l’ a J‘fr&é%LdL /rrru.ﬂl

" The  ime of [Ftedh s rat the shoctest fj/\.



L.;V\\Q.S DV A4 SFL._MC S
grﬂa:ﬁh c,ir'c_[e,s, Juusb " ke
two /;'r\e_,s 4?C’ ld‘lﬂ-&/tu-(.‘{ff_,

that meef— at the rerth
ém—Q Sauj'l\ Fo [e_j—/ ‘ijlxsefs-b

Ioaln:ﬂ?_) A wnd 5

tuo lines wrill weet < Boo
;V\, '{:L\J.S chzﬁ._é.r‘% ‘Ej'laj_ a e e,(_a,cj\—’l cs/;/ﬂé.sf“&e__
each o%L.wr (mfbcl m’tﬁ“ﬂadeﬁ{.

In 'ﬁn[ﬁj jaar @j twe &r‘ed th:-LL‘S/,
{jl’wrt uJ?'” Q_Ju..n:a S be two (a/n.al an[ ‘f,-ma)

iool'rCﬁ'S ajc -"yj“ex.sf.c‘{?}m. I\Jo a'{::[n‘_«- em Suel”
1S raa.S‘SJJ:La.

(60\ a flmj tus lines will erther have

Oaf‘l i'yd‘uséf"t‘lm\ f,ow:tq — 0 ﬁpr '{':ln._,

.Sf-c—d"g -] a‘F doara.ue—[ )u'nefy L o‘tLM‘L‘JJe’>



2.4

S

O - plome, o non-ihuesaching lines

P

A
T -t:w\"@"s“‘l

On a—'ﬁ(DL‘“‘"—; 70“"— Cﬂ«"ﬁ_a-vm lo-agjn ‘bl’\).s darola,m
L;.&cme- )/ou_ cant LLch-e_. a. fdJr‘ d{ mh-frd'trsadfg_

lines. (An/«/ fmjr of e s on a Jr‘tuc- will :"-C-f‘used:>

Of\ d-Saic“&) )/ol* CM\_, Wave Nen- ra\wmectfné [ines.
R, 8? /// —TL\_@] have « folam w{'\cw‘e_

e

b /// 'HN'./ aré c[oSe.S'L; Luj— wrt_{trl(e_

arallel (i thei
Non-{vder ge - A H{:, fera. l nes org a__,almc r

distamee anc .Se;louc.:Hm varijes.

//L Not re_a,” a trans vafst-—l -
b !

Lir\e.'t, creises Latjf\ [s’lna_s) Lu:t‘ ‘Il:,_.,_ av\.% a"-\j?-_réer_h
one_ o‘ﬁ "(:Lu_ mr\w‘nﬁmwa l-‘r\e_s_



F&C{Jus aﬁ ﬂJne,!": l’“a_éju'u;f cﬂ‘p/@‘f‘é 2 =1

Lol L A L spphere-
r:'r;' ra‘ .

AS & 8&‘5 IM&U“) %lﬂe CMVAM‘&&(jE | owwer

(L«) ke you ok abodt ths, 1 makes
N come Senset T you Lok o3 the curfoce
o+ a mﬁ/ foiﬁ ""-SWAULJ € oo ks
W{f fla Th bigger the sphere,
_/t_lv_ closer f/a)& 1t bocomes,




T vt - N
- A

a—-f’ N

& I‘C Y. is ‘L‘[M_ r“acQJU-S dﬁ 'L'L\a_ cj'rc/z.’.
)Qrmu{ lo), bvie a, Fa = n«uf.«‘uajﬁ f’Aa G/(a*’r-c/&k
Bur l.‘ne, LJ is a 'E:ru..l} S‘Era,(o'ﬁ,w [Ine_y u)LJclx

Can Le_ waclmeﬁL an axe o‘F a_ circ].e_o'p

n ‘f‘lr\‘{‘te_ r‘a._cl;u__s. g \"b = o0 .
l
C,ufv‘a}\‘wre_ = = —I—— = ¢
r;“'a‘o o2 »



H-@(‘& are. {uJo S‘Er‘a.fé [\j‘
I res that comredt At B

01’@. wa/ to OOLJ a C//U\Jéf [s to cut
ere /V\.a. M‘—Q ﬂ[aﬂff\ ouj C : V“.Hm’é%

iﬁU-

?Mb /J;. Jc’l\d rorre s A o 1B )sdu.s/'{t w ket oud
r\ : i /au
;¢ g ctrals LfeJaé o the Llatered

¢y fiwﬁ«yn‘ @

Bt
the e ft andd right odges were. originall

WMC;&‘&@O —/"')JV\L a'ﬁ + i ke Joo
u)Hc,k 9&']\5«:7&5 that gs oﬁn i}: 'ﬂgm P




Cumvadiue |3 ‘0553{:?\{& J'F
‘H\L ’\:Lda axcs l’we -{:[’te,lr ceiters
on f{r\bsm slde a‘ﬁ 'b[v_ sux‘(a.c.e-

At A) '(j[\f.s bs “Hw ¢ aSe.,

At Bj the condens are on
of Fosl‘t‘e sicle.s mc tL& Sun Qaa.59
Sp ‘L'LL cuxwi”u-{"e-_ s pea,dﬁw_. ‘t'LLe.ft"—

K"‘@“/, fwe'ric on tLe. Inner gpaxf) o {'fw_ (st U
hawve Na‘ﬁim seciveture white Bhase. oxdhe sute
V‘eabr\ have. Paslﬂvt evryetosre. he L:ou.«_c{w;f
betieen thece reglons hag zero corvaXure .



3,7, vas

o M a8y i AUl

L\.e,Ja,l"j"’-’ ~ 34

Time (s)

4 By van

3, Ty

Time (s)

LB

Bl o

0, 4, ...

0 Y (m)

Héma 6 I’\AS‘ e e l{i5+'0PUM) M‘Q 'L'Lxe
Pfoéfd*lt maxed out ot a lower Ia,e)'é_[«j".

(Mcre ﬁls(v.- B = SJ'CW@O«\ (ﬁmv]f)b



S

[t

Mdf‘& cwvai“u—r“e Weanrs Were cl'r_‘. 'fan’t‘f. P a‘@ t[&

ﬁ 5?’“:!5{5 S&en in 4:/ Frb{ojck\ 3, ] M#l"a t‘r(lS'faf“hfm
eams tﬁ‘@ f)’j_{“ YM—LL’IS s maxdrum )/ daorq[fr\aiﬁ:

[ess Eime .
o e corvidie were indfinity, the strsld
pre puth wold vench B maxinim g coardioits
momediately © the f,z,o(;cﬁ/LJ o msther whad s
specd, codd ot i (L belere thre i
b e s ol el )

e



3.3

P

—ﬂma 5\&6.9."&, o'p SrD MC{Q}( e rre..Seﬂjms . "ﬁ{df
T?la./h.a a‘@ oUX  ustl Verse . e -au—w-r efF{ t’ju. 5M“€au, i
wow@' be. T 142.:1-\*&« ‘ELL@' ‘plaj" 'oluu; ﬂ\d“ uaJQ

\ Nerease {kt c{l&'tmm - not 2 chort ot

T, Canétf'f:um-a bissale bawe is Lhak W%fc._s
LL&.VEL 'l:lu;-’r‘ |i'mr"'taﬁ‘fans. _T—Lz c{fsfar'&d«:{ me_c{ax
i é)‘ca.'&’ at S.qu-iina_ how t’[\z or -'Ctjt'h,q[ {alau#u.’_
Was been stretehed — th are wmore s?_um
wté-;b«ejys ajﬁ atea ;_‘_J)uu\ 701{ /a/dcba mgﬁ_
on 1€ Bt it i’mf{i’e_s ‘frl\a)f' {—Iﬂ'ﬁ 1S a(oruz_ 117
fuvw“»a ":["LGJ{_ r»lme_ ivd“o G ‘EL\.[TA J;-EMMS]MJ

M\JMB_E\_J__{? -t:Lz_co_A-v-. ‘”\a«re_'_sdu.sﬁ

Were Séaac..e. }



- * - - Joo
:. AT, = = = 150,60k T 09000 kn

= S0 fom |

& tL.L_. ;'Ert“ﬁclﬂhé G‘C -S‘r‘“‘—--



